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A variety of activators stimulate Arp2/3 complex to
nucleate branched actin filament structures. New
results provide important biochemical and structural
information for activation by the proteins cortactin
and N-WASP.
How do cells form actin-rich protrusions so quickly in
response to signals? Research over the last five years
has shown that Arp2/3 complex often plays a central
role in generating these structures by enhancing the
nucleation of new filaments (Figure 1A) [1]. As Arp2/3
complex alone is inactive, cells control actin nucleation
through a number of Arp2/3 complex activators, which
can in turn be activated by known intermediaries of
signal transduction. As an example, N-WASP, an Arp2/3
complex activator, can itself be activated by GTP-bound
Cdc42, polyphosphoinositides, Nck and Grb2. These
molecules appear to act by relieving auto-inhibitory
interactions between the carboxy-terminal VCA region
of N-WASP and more amino-terminal N-WASP motifs.
Once released from auto-inhibition, the VCA rapidly
stimulates actin nucleation through Arp2/3 complex.
The actin filaments generated by Arp2/3 complex
are branched (Figure 1B), as are those that make up
certain actin-rich protrusions, such as lamellipodia at
the leading edge of a motile cell [2–4]. The branched
filaments generated by Arp2/3 complex in vitro,
however, are unstable and rapidly dissociate into
individual filaments [5]. Last year, John Cooper and
colleagues [6] reported that the protein cortactin can
both weakly activate Arp2/3 complex-mediated nucle-
ation and dramatically extend the lifetime of Arp2/3
complex-mediated branches by binding to Arp2/3
complex and actin filaments. As reported recently in
Current Biology, the same group [7] has obtained
important new insights into the mechanisms by which
cortactin and the N-WASP VCA might act together to
mediate Arp2/3 complex activity.
A generally accepted model for actin nucleation by
Arp2/3 is that the complex is activated by binding both
an activator, such as the N-WASP VCA, and the side of
an existing, ‘mother’ actin filament, causing formation
of a new, ‘daughter’ actin filament as a branch
(reviewed in [1]). Like many Arp2/3 complex activators,
the N-WASP VCA consists of an actin-monomer-
binding V motif, a C motif important for Arp2/3
complex binding and activation, and an acidic A motif
that participates in Arp2/3 complex binding. By placing
an actin monomer onto a preformed dimer of Arp2 and
Arp3, VCA catalyzes formation of a stable trimeric
nucleus. Cortactin also has an Arp2/3 complex-binding
A motif in its amino-terminal (NTA) region, but it has
neither a V motif nor a readily recognizable C motif,
which may account for its weak activation ability com-
pared to V motif-containing activators.
Weaver et al. [7] used zero-length covalent crosslink-
ing to identify subunits of Arp2/3 complex that might
interact with both the N-WASP VCA and cortactin NTA.
As found for several Arp2/3 complex activators [8], N-
WASP VCA crosslinks to the Arp3, Arp2 and p40 sub-
units. Interestingly, the cortactin NTA crosslinks only to
Arp3. The VCA and NTAs appear to interact with a
similar site on Arp3, as an excess of either decreases
crosslinking of the other protein to Arp3. These results
suggest that the A motifs of both VCA and NTAs bind to
Arp2/3 complex in close proximity to Arp3. Weaver et
al. [7] remind us that crosslinking does not necessarily
prove an interaction between these A motifs and Arp3,
just as absence of crosslinks does not rule out interac-
tions with other subunits. But the zero-length chemical
crosslinker used suggests that the VCA/NTA binding
site is indeed close to Arp3.
If the A motifs of the N-WASP VCA and cortactin
NTAs bind to the same sites on or near Arp3, do they
compete for binding to Arp2/3 complex? Weaver et al.
[7] tested this possibility by several means. The NTA
does not affect the ability of the VCA to activate nucle-
ation, even when added at 44,000-fold excess. Fur-
thermore, the Kd of VCA for Arp2/3 complex changes
only slightly in the presence of 30 µM NTA. Con-
versely, an excess of VCA completely blocks NTA
binding to Arp2/3 complex. These results further
support the model in which the NTA binds to the same
site on Arp2/3 complex as the A motif of the VCA,
which makes additional contacts with Arp2 and p40
that allow it to maintain its interaction even in the
presence of excess NTA.
Weaver et al. [7] tested these interactions further by
mutagenesis. The A motifs of the N-WASP NTA and
other Arp2/3-complex-binding proteins contain a con-
served tryptophan. Others have found that mutation of
this tryptophan dramatically reduces the effectiveness
of WASp, another Arp2/3 complex activator [9]. Simi-
larly, Weaver et al. [7] found that mutation of the cor-
responding residue in cortactin, W22, reduces both
cortactin binding to and activation of Arp2/3 complex.
Surprisingly, this tryptophan does not appear to be
important for N-WASP interaction with Arp2/3 complex.
Neither changing the tryptophan to an alanine, nor
deleting eight amino acids including the tryptophan in
the A motif of N-WASP VCA, affected Arp2/3 complex
activation. The deletion did, however, severely reduce
VCA crosslinking to Arp3, further supporting an inter-
action between the A motif and this subunit. The dif-
ferential importance of this region in N-WASP, as
opposed to WASp and perhaps other activators, may
be due to the high relative acidity of the N-WASP A
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motif. Even after deleting this region, the N-WASP A
motif still has 11 acidic residues as well as a pheny-
lalanine that may functionally replace the tryptophan.
Last but certainly not least, Weaver et al. [7] inves-
tigated the size and shape of cortactin in detail. Such
analysis, all too rarely carried out, gives invaluable
information for the mechanistic determination of
protein function. Using analytical ultracentrifugation
and deep-etch electron microscopy, the authors
determined that bacterially expressed cortactin is a
highly elongated monomer. By electron microscopy,
the 546 residue cortactin monomer is 220 nm long and
a maximum of 2 nm wide. Theoretically, a fully
extended polypeptide of 546 residues measures about
200 nm in length — assuming 0.36 nm per residue in
an extended chain — suggesting that cortactin has
little globular structure. In contrast, Arp2/3 complex,
with is about four times bigger in mass, has dimen-
sions 15 x 14 x 10 nm [10], emphasizing the elongated
nature of cortactin (Figure 2). The VCAs of other
Arp2/3 complex activators, including N-WASP, appear
to lack secondary structure, suggesting that they are
also elongated structures ([9] and M. Rosen personal
communication), making the 70–100 residues in these
regions 25–36 nm in length. Binding Arp2/3 complex
might induce a more compact structure, as the C
motif adopts in its auto-inhibited conformation [11].
Cortactin binds an actin filament via its RP4 region,
which is essential for Arp2/3 complex activation [6].
From the electron microscopic data reported by
Weaver et al. [7], the NTA and RP4 regions are about
50–70 nm apart, allowing cortactin ample length to
simultaneously bind both Arp2/3 complex and a fila-
ment. The authors propose that cortactin binds the
mother filament to stabilize the branched structure.
Alternatively, the branched structure might be stabi-
lized by cortactin binding to the daughter filament,
which loses affinity for Arp2/3 complex after ATP
hydrolysis and phosphate release from its actin sub-
units [5]. The NTA and RP4 regions of cortactin are
wonderfully conserved in diverse species, including
mammals, Drosophila, Xenopus and sponges (no
homologues have been found in yeast or plants). One
perhaps notable exception is the mammalian isoform
HS1, the RP4 region of which diverges significantly
with unknown effects on filament binding.
The mechanism(s) of Arp2/3 complex activation are
not known. Potent activators — N-WASP, WASp, the
Scar proteins and the bacterial protein ActA — all
contain an actin-monomer-binding motif, while weak
activators — cortactin, yeast ABP1 and fungal myosin I
— lack this motif, suggesting that addition of a monomer
to the Arp2–Arp3 dimer greatly enhances nucleation.
Binding to an actin mother filament also activates Arp2/3
complex [9], perhaps by stabilizing its active conforma-
tion. Cortactin might thus enhance nucleation by stabi-
lizing the Arp2/3–mother filament interaction.
The biochemical and structural data for cortactin
presented by Weaver et al. [7], along with Arp2/3
complex crystal structure [10], allow for some specu-
lation as to the general location of the A motif binding
site on Arp2/3 complex. Arp2/3 complex has two
extensive basic patches on its surface (Figure 1C in
[10]), one on p21 near the Arp3 interface (basic patch
1) and the other on p40 and p16 (basic patch 2). Three
points favor basic patch 1 as a binding partner for the
A motif: two-hybrid and chemical crosslinking interac-
tions have implicated p21 in activator binding [8,12];
NTA crosslinks to Arp3, which is distant from patch 2;
and p40 has been predicted to bind the mother fila-
ment (Figure 4D in [10]). On the other hand, the
extended structure of activators might allow them to
bind both basic patches simultaneously, especially if
the activated Arp2/3 complex adopts the extensive
conformational change predicted by the crystal struc-
ture [10]. Activator binding to both sites might even
stabilize this activated state [10]. Irrespective of its
binding site, the orientation of the A motif when bound
to Arp2/3 complex will be crucial to placement of
other activator motifs — RP4 for cortactin, V and C
motifs for N-WASP — and is as yet unknown.
How might activators such as N-WASP work in
concert with cortactin? As cortactin binding to Arp2/3
complex is disfavoured while VCA is bound, cortactin
might bind after VCA has already initiated branch for-
mation, making cortactin’s role mainly one of branch
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Figure 1. 
(A) Arp2/3 complex consists of seven sub-
units. Arp2 and Arp3 are actin-related
proteins, suspected to form a stable
nucleus from which an actin filament
rapidly forms. The model is based on the
2.0 Å crystal structure of Arp2/3 complex
[10]. (Adapted from a figure provided by
Tom Pollard.) (B) An Arp2/3-complex-
nucleated branched filament. Arp2/3
complex binds the side of an existing
actin filament — the mother filament —
probably via at least the p34 and p40 sub-
units. Arp2 and Arp3 form an actin-dimer
mimic, allowing actin monomers to add to
this dimer, creating the daughter filament.
Arp2/3 complex activators such as N-
WASP (but not cortactin) use their V
motifs to bind an actin monomer and to
place it on the Arp2–Arp3 dimer, complet-
ing the trimeric nucleus. (Adapted from a
figure provided by Dorit Hanein.) 
stabilization. Such dynamics are possible if N-WASP
activation is very transient, causing its auto-inhibited
conformation to quickly re-form. Perhaps, however, N-
WASP might be peculiar in its ability to compete for
NTA binding, in view of its strong negative charge.
Testing VCAs from other, less-charged activators —
WASp, Scar and ActA — for their ability to compete
with cortactin for binding to Arp2/3 complex will be
interesting in this context. Alternatively, cortactin
might both activate Arp2/3 complex and stabilize the
resulting branches in particular cellular regions,
depending on the local activator milieu. Cortactin is
phosphorylated by Src kinases and binds to a number
of proteins via its carboxy-terminal SH3 domain. While
no direct role for these interactions in controlling cor-
tactin activity have been described, they might serve
in localization.
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Figure 2. 
Size relationships of cortactin (residues 1-330), WASp VCA
(residues 430-502) and Arp2/3 complex.  Extended structures
appear to be adopted by cortactin [7] and VCA [9], while Arp2/3
complex is much more compact [10]. These relationships raise
questions as to the consequences of NTA or VCA binding to
Arp2/3 complex, including adoption of folded structure, con-
tacts with actin filaments, and placement of actin monomers on
the nascent nucleus.
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